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Abstract 


The  general  arrangement  of  atoms  in  berthierite 
had  been  suggested  in  an  earlier  publication  by  solving 
the  Patterson  function  P(x£),  with  the  aid  of  the  minimum 
function  Mgfxjr).  In  this  paper  a report  is  given  of  the 
refinement  of  the  structure.  The  intensities  v/ere 
measured  by  the  II.I.T.  modification  of  the  Dawton  method, 
and  the  resulting  P ’ s v/ere  placed  on  an  absolute  basis 
by  T/ilson’s  method.  The  structure  u as  refined  by  the 
use  of  successive  differential  Fourier  syntheses.  The 
final  structure  has  a small  residual  factor  and  neitly 
reproduces  the  Patterson  projection. 


In  the  structure  of  berthierite  each  3b  atom 


is  evidently  bonded  to  3 3 atoms  at  distances  of  about 
o 

2.5A,  These  SbS^  groups  share  S atoms  to  form  two  non- 

equivalent  SbS2  chains  parallel  to  the  £ axis.  The  Fe 

atoms  are  surrounded  by  6 S atoms  in  approximately  octo- 

o 

hedral  arrangement  at  distances  of  about  2.5A,  This  is 
about  the  expected  distance  for  ionic  Fe-S  bonds.  The 
structure  can  therefore  probably  be  regarded  as  Fe++(SbS2)2# 


2. 


Introduction 

/ 

Material.  The  berthierite  from  Kisbanya, 

*»*  V v 

Carpathians,  has  been  described  in  detail  by  Zsivny  and 
Zombory  (1934)*  These  investigators  were  kind  enough  to 
make  a generous  sample  of  this  material  available  for 
this  crystal-structure  investigation.  The  analysis  of 
the  ICisbanya  berthierite  indicates  that  it  has  almost 
exactly  the  ideal  composition  FeSb2S^. 

Unit^cell  and  space  group.  The  unit  cell  and 
space  group  of  berthierite  have  been  reported  in  an 
earlier  communication  (Buerger,  1936).  The  cell  has  the 
following  dimensions: 

a « 11.44A 
b = 14.12 
£ * 3.76 

This  cell  contains  4FeSb2S^.  The  space  group  is  Pnam. 

Intensity  determination.  The  structure  deter- 
mination  reported  here  was  based  upon  hkO  and  hOl  reflec- 
tions as  recorded  on  precession  photographs.  The  inten- 
sities were  determined  by  using  the  M.I.T.  modification 
of  the  Dawton  (1938)  method.  The  intensities  were 
corrected  for  Lorentz  and  polarization  factors,  but  no 
allowance  was  made  for  absorption. 

In  the  course  of  the  structure  determination  it 
became  evident  that  the  F values  determined  in  this  manner 


3. 


were  accurate  and.  quite  satisfactory  except  that  there 
is  a critical  lower  intensity  below  which  one  cannot 
distinguish  a non-zero  intensity  from  zero  intensity. 

The  lack  of  knowledge  of  the  F's  having  amplitudes  between 
zero  and  the  lowest  observable  amplitude  was  keenly  felt 
as  the  refinement  progressed. 


Approximate  locations  of  atoms 

Rough  intensity  considerations  had  already  shown 
that  all  atoms  of  berthierite  were  confined  to  the  (001) 
reflection  planes,  that  is,  to  equipoint  4c,  for  which 
z = i With  the  aid  of  the  Zhko'3’  a ?atterson  projection 
P(xy)  was  prepared,  Fig,  1.  In  another  place  (Buerger, 

1951)  it  was  shown  that  this  projection  could  be  solved 
for  the  X£  coordinates  of  the  atoms  by  applying  the 
minimum  function  (Buergev,  1950),  The  approximate  electron 
density  found  by  this  method  is  shown  in  Fig,  2,  The 
several  dense  areas,  in  order  of  decreasing  density,  are 
evidently  the  two  antimony  atoms,  the  one  iron  atom,  and 
the  four  sulfur  atoms.  The  close  relation  of  this  minimum 
function  map  to  the  true  structure  can  be  appreciated  by 
comparing  it  with  Fig,  3,  the  electron  density  projection 
*?{x£) , as  determined  after  refinement. 

There  is  an  interesting  peculiarity  about  an 
approximate  structure  determined  by  image-seeking  method: 


£ 


: tr  w it.. 


One  must  make  a decision  re sardine  the  location  of  at  l«ast 
the  first  image  point.  The  location  of  the  one  atom 
corresponding  oo  this  image  point  is  fixed  by  this  choice 
and  does  not  change  in  the  course  of  applying  the  image- 
seeking function  to  find  the  other  atoms  of  tho  structure. 
There  is  usually  a small  error  involved  in  selecting  an 
image  point.  For  example,  an  error  arises  ’./hen  the 
Patterson  peak  chosen  for  the  image  point  is  not  a single 
peak,  but  rather  the  coalescenoe  of  several  peaks  not  in 
exactly  the  same  location.  At  this  stage  of  the  analysis 
one  cannot  usually  determine  to  v/hat  extent  the  peak  is 
composite.  This  image -point  error  remains  as  a slight 
error  in  the  location  of  the  corresponding  atom.  The 
error  can  only  be  removed  by  a subsequent  refinement 
process. 


Preliminary  refinement 

The  structure  of  berthierite  as  found  by  image- 
seek..ng  methods  was  believed  to  be  essentially  correct  with 
regard  to  the  general  location  of  the  atoms,  since  there  was 
a rough  agreement  between  computed  and  observed  intensities. 
Nevertheless  this  agreement  was  not  good.  Refinement  of  this 
structure  was  evidently  necessary.  It  was  carried  out  in  eleven 
stages.  The  migration  of  coordinates  during  the  refinement 
is  outlined  in  Table  1. 


T 


5. 

For  the  purpose  of  refining  the  structure,  the 

observed  hicO  intensities  were  placed  on  an  absolute  basis 

using  Vilson's  (1942)  method,  Fig.  4.  This  analysis  not 

only  places  the  intensities  on  an  absolute  basis  but  also 

yields  the  temperature  coefficient  B.  The  value  of  this 

2 

turned  out  to  be  1.07  A for  berthierite.  The  value  of  B 
and  the  absolute  scale  of  intensities  were  slightly  im- 
proved when  tne  structure  was  considerably  refined. 

The  original  structure  as  determined  with  the  aid 
of  the  minimum  function  was  termed  trial  1.  This  was 
examined  to  ascertain  what  obvious  shifts  in  atom  locations 
would  improve  agreement  between  calculated  and  observed  in- 
tensities. This  predicted  an  improved  set  of  atom  locations 
which  was  called  trial  2.  This  procedure  was  repeated,  re- 
sulting in  an  improved  set  of  atom  locations  called  trial  3. 


Further  refinement 

Residual  factor.  This  marl-red  the  end  of  elementary 
methods  of  refining  the  structure.  From  this  stage  onward, 
the  status  of  the  refinement  was  followed  by  computing  the 
observed  and  computed  amplitude  residual  factor  (Robertson 
and  Voodward,  1936). 

r . ^.ll^observed?  ~ ^calculated!!  * 

I ^observed  | 
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The  magnitude  of  this  factor  varies  s one  what 
depending  upon  how  one  treats  the  surliest  Fq  and  the 
snallest  differences , A » F_  - F. . In  Table  2 we  have 
computed  four  types  of  R,  labelled  (a),  (b),  (c),  and 
(cl).  These  are  defined  in  Table  2. 

Refinement  by  Patterson  maps.  The  first  non- 

%#*  * V-  »<■  W W l/>  W »/•  . V ^ V ^ W'  V-  V v-  v-  v-  v-  V w K"  IT  V* 

elementary  refinement  procedure  made  use  of  comparing  the 
weighted  vector  sot  of  trial  3 with  the  observed  Patterson 
map.  These  showed  reasonably  good  agreement,  but  detailed 
comparison  indicated  that  the  agreement  could  be  improved 
by  some  small  shifts  in  the  locations  of  some  atoms.  This 
improved,  structure  ’//as  termed  trial  5.  Another  set  of  atom 
locations,  called  trial  4.  differs  from  trial  5 only  in  that 
the  sulfur  atoms  had  been  moved  to  idealized  covalent  octo- 
hedral  locations  about  iron.  Table  1 shows  that  the  residual 
factor  for  the  ideal  sulfur  arrangement  was  so  much  worse 
that  the  possibility  of  an  idealized  FeS^  croup  was  evidently 
excluded. 


From  this  point  on  the  structure  was  refined 
chiefly  by  differential  syntheses  (Cochran,  1951).  using  as 
Fourier  coefficients  (£obLerved  “ Econo  utedhikO*  This  3^- 


t lit;  a is  is  iZiiOVii  to  minimize  R. 


First  differential  synthesis.  The  set  of  ampli- 

w W'  ^ V v w<  W"  «/*  » V 

tudes  F^,  conputed  from  trial  5 (resulting  from  the  refine- 
ment -by-Pat  ter  son  procedure)  was  used  to  compute  a differen- 
tial synthesis,  Fig.  6.  The  atom  locations  proved  to  be  on 
gradients  on  this  map,  so  the  locations  were  shifted  up- 


v f 


7. 


gradient  to  produce  a new  set  of  locations,  namely  trial  6. 
The  chan  e from  trial  5 to  trial  6 reduced  the  residual 
factor  from  17.1$  to  14.7$. 

Electron  density  gro^jectionj,  ^o(xy) . At  this 
point  it  was  helieveu  that  the  structure  van  in  a sufficient 
state  of  refinement  to  warrant  preparing  an  electron  density 
projection,  ^o(x^) . This  is  shown  in  Fig.  3*  The  peak 
locations  of  y£>(x£)  are  taken  as  trial  7.  Although  the  co- 
ordinates of  trial  6 and  trial  7 are  different,  they  do 
not  correspond  to  any  changes  in  phase  of  £hi  -q  . Thus 
Fig.  3 nay  he  taken  as  the  final  electron  density  map. 

The  weighted  vector  set  of  trial  7 is  sho\m  superposed  on 
the  corresponding  Patterson  nap  in  Fig.  1.  The  agreement 
between  then  is  quite  good,  so  that  the  structure  may  be 
said  to  neatly  explain  the  Patterson  synthesis. 

In  spite  of  the  fact  that  Fig.  3 is  the  final 
yo(xv) , the  locations  of  Hs  peaks  do  not  provide  the  best 
values  of  tie  coordinates.  This  is  obvious  on  studying 
Table  1.  Trial  7 has  a larger  R value  than  trial  6. 
Furthermore,  starting  with  trial  7,  whose  coordinates  are 
derived  from  ^o(xz) » is  possible  to  obtain  other  sets  of 
coordinates  by  refinement  which  have  smaller  R values,  and 
without  changing  the  phases  of  any  That  a set  of 

~hkO,s  Pro<iuce5  a tlaP>  p (££.)»  whose  peaks  deviate  slightly 
fro.,  the  exact  atom  locations  is  due  to  using  a finite  set 
of  ^hlcO*3  in  the  synthesis.  This  is  the  series-termination 
effect.  This  effect  is  substantially  absent  in  differential 
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syntheses.  The  residua}  termination  effect  does  not  change 
the  general  course  of  the  lines  of  the  differentia}  nap,  and 
eonseo.uently  the  gradient  is  insensitive  to  slight  errors  in 
tne  F’s.  On  the  other  hand  the  peak  maximum  in  ^o(xz)  is, 
in  general,  shifted  by  the  termination  effect.  The  study 
given  here  presents  detailed  evidence  that  differential  syn- 
theses are  superior  to  electron-density  syntheses  for  refine- 
ment . 


New  scale  factor.  Up  to  this  point  the  scale 
factor  derived  in  ilson’o  lethod  had  been  used.  Since  no 
further  sign  changes  were  in  prospect,  the  structure  was  re- 
garded as  sufficiently  well-settled  to  permit  computing  a 
new  refined  scale  factor,  by  plotting  log  against  sin2©. 

R2.I 

This  is  shown  in  Fig.  5.  The  change  in  the  scale  factor  in 
going  from  ’.'ilson’s  method  to  this  method  proved  to  be  from 
75.5  to  71.0,  while  3 changed  from  1.07  A2  to  0.93  A2.  The 
use  of  tho  new  scale  factor  reduced  the  R factor  from  15.3# 
to  14.2#. 

Further  refinement  by  differential  synthesis.  Trial 
7 was  further  refined  by  a scries  of  differential  syntheses 
shown  in  Figs.  7,  8,  9,  and  10.  In  these  figures  the  atom 


locations  us  e i for  tho  uxiierenimajL  syntheses  are  shown  as 
black  dots.  The  criterion  for  correct  atom  position  is  that 
the  original  atom  locations  are  found  to  lie  on  positions  of 
zero  gradient  on  the  differential  map.  In  each  trial,  there- 
fore, the  dots  were  moved  up-grudient  in  the  hope  that  the 
subsequent  synthesis  would  show  them  to  lie  on  zero  gradient. 


TTTTSCTKS'ii-iiUi.1  '•  . •IJWaWHTWt.WS*  7+1  » t y . - M ■ - 
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In  order  to  find  the  parameter  ranee  within  v/hich 
the  Sb's  must  lie,  these  were  moved  by  ,005  from  trial  7 to 
trial  8.  This  move  proved  to  be  too  much,  as  indicated  by 
the  sharp  reversal  of  gradient  which  accompanied  the  shift. 
Subsequent  trials  have  3b  parameters  between  the  values  used 
for  trial  7 and  trial  G. 

The  Fe  and  three  of  the  3 atoms  assumed  positions 
of  substantially  zero  gradient  by  trial  9»  In  trial  10  the 
other  atom3  are  also  in  zero-gradient  position  but  the  Fe 
atom  again  appears  to  lie  on  a slight  gradient.  This  is 
probably  due  to  contributions  from  other  atoms  and  therefore 
signifies  that  refinement  of  the  Fe  position  has  been  achieved 
v/ithin  the  accuracy  of  our  data.  Trial  11  was  devised  to  give 
the  Fe  and  2 3's  a slight  shift  to  improve  their  positions  on 
gradients.  This  last  set  of  shifts  produced  a set  of  parameters 
having  higher  R values.  Trial  10  was  accordingly  accepted  as 
the  final  set  of  parameters  since  all  the  atoms  are  all  on 
substantially  zero  gradient  even  though  its  R value  is  slightly 
greater  than  that  of  trial  9. 

After  computing  this  set  of  differential  syntheses, 

it  became  evident  that  a shift  of  parameters  of  .001  or  .002 

changes  the  configuration  of  the  map  strongly  and  in  such  a 

way  as  to  reverse  the  gradient,  at  least  for  the  heavier  atoms 

v/hen  they  are  in  the  neighborhood  of  the  correct  locations. 

From  this  it  is  deduced  that  the  accuracy  of  the  final  atomic 

coordinates  given  for  berthierite  is  about  .002,  which  is 

o 

equivalent  to  about  .02A,  It  is  of  interest  to  note  that 


, £ 
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when  the  atoms  arc  in  the  neighborhood  of  their  final  correct 
positions  the  major  features  of  the  dif •. erential  map  coincide 
with  the  background  of  the  electron  density  nap.  The 
features  of  the  differential  nap  must,  therefore,  be  regarded 
as  due  chiefly  to  errors  in  the  determination  of  the  F0’s. 


Selection  of  z parameters 

The  xv  coordinates  of  all  atoms  in  che  structure  are 
now  knov/n  with  accuracy,  Sinoe  the  atoms  are  conlined  to  the 
reflection  planes,  their  coordinates  can  be  either  ^ or  - 
The  only  combination  which  was  acceptable  was  found  by  making 
a limited  number  of  intensity  computations  for  F,lQ1 , A com- 
plete set  of  F^qi'3  was  COill?u'te<i  b&sed  upon  this  combination. 
These  were  independently  placed  on  an  absolute  basis  by  com- 
paring observed  and  computed  intensities.  The  resulting 
temperature  factor,  B,  for  the  hOl  reflections  proved  to  be 
0,99,  compared  with  0,9S  found  previously  for  the  hkO 
reflections.  The  resulting  R values  are  shown  in  Table  3» 

The  electron-density  projection  ye(xz)  is  shown  in  Fig,  11, 

In  this  projection  some  of  the  atoms  are  unresolved  due  to 
overlapping. 


The  final  structure 


electron  density  projections  for  the  entire  cell 


f- 
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are  shov/n  in  proper  relation  in  Pi:;.  12.  The  final  para- 
meters are  given  in  Table  4«  A comparison  of  observed  and 
computed  F values  is  given  in  Tables  5 and  6. 


Discussion  of  the  structure 

The  distances  between  neighboring  atoms  in  berthier- 

ite  are  listed  in  Table  7.  These  distances  are  shown  in  a 

diagrammatic  representation  of  the  structure  in  Fig.  13 « 

It  is  convenient  to  discuss  the  structure  of  berth- 

ierite  in  two  stages.  In  the  first  stage  account  is  taken 

only  of  the  nearest  neighbors.  Table  7 and  Fig.  13  show 

that  each  of  the  two  kinds  of  Sb  atoms  has  three  nearest  S 

o 

neighbors  at  distances  of  about  2.5A,  as  well  as  other  S atoms 

at  larger  distances.  The  Sb  and  S atoms  thus  form  SbS^  groups 

Uach  group  shares  two  of  its  three  S atoms  with  translation- 

equivalent  groups  to  form  SbSg  chains  parallel  to  the  £ axis. 

The  Fe  atoms  are  surrounded  by  six  S atoms  in 

approximately  octohedral  arrangement.  These  octohedra  share 

edges  to  form  chains  parallel  to  the  c axis.  The  Fe-S 

o 

distance  is  about  2.5A.  This  is  considerably  in  excess  of 

that  found  in  structures  where  the  bonds  are  recognized  as 

o o 

covalent  (pyrite,  2.26A,  narcasite,  2.24A).  The  distance  is 
about  what  would  be  expected  for  ionic  Fe-3  bonds.  Thus,  the 
structure  of  berthierite  suggests  that  its  chemical  nature  is 
Fe++(SbS2)p.  Curiously  enough,  the  Sbj  triangles  share  an 


r ' TV M . • 
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edge  with  each  of  two  neighboring  Fe  octohedra,  whereas  the 
Sbjj  triangles  only  share  corners  with  these  octohedra. 

Fach  of  the  four  hinds  of  sulfur  atons  in  berthierite 
i3  coordinated  to  three  metal  atons  and  each  such  set  of 
netals  contains  both  Fe  and  3b  atoas. 

If  one  takes  account  of  second  nearest  inter- 
atomic distances  then  it  becomes  evident  that  the  two  kinds 

of  3b  atons  are  c^uite  different.  The  Sbjjhas  no  further 

o 

neighbors  nearer  than  3«2A  while  Sb^  has  two  additional  neigh- 
bors at  about  2.9^.  This  rather  close  distance  doubtless 
represents  a bond,  so  that  one  can  also  describe  the  Sb^ 
atons  as  forming  irregular  SbS^  groups.  Two  such  SbS^  groups, 
related  by  the  inversion  center  in  the  middle  of  Fig.  13, 
share  the  two  second-nearest  o’s  with  each  other  so  that  a 
complex  chain  of  composition  3b23^  can  be  discerned  parallel 
to  the  £ axis.  An  alternative  description  is  that  the  two 
SbS2  chains,  related  by  the  inversion  center  in  the  middle 
of  Fig.  13,  can  be  regarded  as  joined  so  as  to  form  more  com- 
plex chains  of  composition  Sb2Sk.  This  kind  of  double  chain 
has  also  been  discovered  in  livingstonite  (Duerger  and 
Niizeki,  1954).  The  two  kinds  of  sulfur  coordination  dis- 
played by  SbTjand  5bj  atoms  are  also  found  in  the  two  types 
of  3b  atoms  of  stibnite. 

The  Fe  atom  appears  to  have  the  function  of  cementing 

together  the  two  kinds  of  SbS2  chains.  It  should  be  noted 

that  the  coordination  of  Fe  is  irregular  octohedral.  Four  of 

,o 

the  S ator.i3  are  at  distances  of  about  2.46A  but  two  more  are 
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at  distances  of  2.64A.  Tnis  condition  is  quite  real  since 
an  attempt  to  regularize  tlie  distances  resulted  in  a much 
higher  R value. 

The  cleavage  of  berthierite  is  reported  in  one 

reference  as  more  or  less  distinct  parallel  to  one  pinacoid, 

and  in  another  reference  as  rather  distinct  prismatic. 

Fie. 13  shows  that  a cleavage  could  occur  parallel  to  (010) 

o 

without  the  breaking  of  any  bonds  except  the  2.93A  bond 
from  3bji  to  Sj-y. 
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Table  1 

Coordinates  of  Atoms  for  Different  Trials 


Trial 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Sbj 

X 

.147 

.148 

.149 

.3-49 

.149 

.148 

.145 

.140 

.143 

.145 

.145 

y 

.060 

.059 

.059. ... 

.063 

.063 

...063 

.064 

.063 

.063 

.062 

.062 

SbII 

X 

.040 

.044 

.041 

.037 

.037 

.038 

.036 

.041 

.039 

.037 

.037 

y 

_.384 

• ?82 

.381 

.387 

.337 

.386 

.385 

.386 

.386 

• 386 

.386 

'e 

X 

.321 

.318 

.318 

.323 

.323 

.321 

.314 

.320 

.316 

.316 

.317 

y 

.340 

.336 

.3?7 

• 33? 

•339 

.337.. 

•33? 

•33? 

.334 

•33V 

.335 

X 

.190 

.204 

.200 

.230 

.200 

.200 

.197 

.197 

.196 

.195 

.194 

y 

.270 

.273 

.273 

.290 

•27 3 

.270 

.272 

.272 

.272 

.272 

.272 

SII 

X 

.414 

.419 

.421 

.417 

.421 

.424 

.428 

.428 

.426 

.424 

.423 

y 

.200 

.186 

.187 

.198 

.187 

.185 

.186 

.186 

.185 

.184 

.185 

sni 

X 

.240 

.229 

.230 

.237 

.230 

.227 

.229 

.229 

.227 

.226 

.226 

y 

.485 

.495 

•m 

• 484 

.494 

. .493 

.494 

.494 

.492 

.492 

.492 

Snr 

X 

.452 

.452 

.450 

.418 

.450 

.451 

.452 

.452 

.4?0 

.451 

.451 

.JL- 

.408 

-..4PZ- 

.407 

.388 

.407 

.404 

.405 

^0? 

.406 

.405 

.405 

Table  2 


E Factors  for  Fhk-n  for  Different  Trials 


(,a)  £F  = £o”Zc  oni‘fc'ted  if  £o  " °* 

(b)  « Lo~Lo  omitted  if  A < least  significant  difference. 

(c)  When  Fq  » 0,  it  is  assigned  a mean  value  between  true  zero  and  least 

observable  F0. 

(<0  Condition  b and  c.  together. 

? New  scale. 


"V  \ 


Table  3 
R Factors  for 


Ti. 

j£- 


(a) 

8.8# 

(b) 

5.9f5 

(c) 

8.8# 

(d) 

5.9# 

(See  Teble  2 for  explanation  of  conditions  a*  b,  £,  and  d. ) 
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Table  4 

Final  Coordinates  cf  Atoms  in  Berthierite 


i * 

1 

Sbj 

0.145 

Sbn 

0.037 

Fe 

0.316 

si 

0.195 

sii 

0.424 

siii 

0.226 

o 

°IV 

0.451 

y 

z 

0.062 

+0.250 

0.386 

-0.250 

0.334 

+0.250 

0.272 

-0.250 

0.184 

j 

+0.250  j 

j 

0.492 

+0.250  ! 
| 

0.405 

-0.250  1 

i 


X<5> -*1* 


Table  5 (Page  1) 

Observed,  and  Calculated  3tructure  Factors  for  hkO-zone 


bkO 

jFObsi 

F 

calo 

!Fobs] 

~ f 

Fcalc  1 

j 

hlcO  • 

m 

n 

Foalc 

020 

71 

1,12,0 

78 

! 

+ 75  1 

• 

2,12,0 

92 

- 86 

040 

128 

-158 

1,13,0 

135 

+122  , 

2,13,0 

135 

+124 

060 

85 

- 8? 

1,14,0 

135 

+112 

2,14,0 

121 

-103 

080 

<52 

- 33 

1,15,0 

<70 

+ 33 

2,15,0 

<70 

+ 44 

0,10,0 

<58 

+ 26 

1,16,0 

<71 

- 34 

2,16,0 

<71 

+ 14 

0,12,0 

<64 

+ 17 

1,17,0 

<70 

- 44 

2,17,0 

<70 

- 22 

0,14,0 

<69 

- 34 

1,18,0 

<68 

- 20 

2,18,0 

<67 

- 2 

0,16,0 

99 

+ 87 

1,19,0 

<62 

+ 11 

2,19,0 

99 

- 74 

0,18,0 

178 

+140 

42 

+ 40 

310 

281 

-240 

110 

<23 

+ 1 

210 

- 41 

320 

'41 

+ 27 

120 

<25 

+ 30 

220 

<29 

+ 4 

330 

114 

+ 88 

130 

121 

+132 

230 

185 

-178 

340 

57 

♦ 53 

140 

149 

-172 

240 

213 

-213 

'50 

128 

+132 

150 

<41 

+ 30 

250 

185 

-194 

360 

178 

-176 

160 

92 

- 96 

260 

92 

- 98 

370 

< 52 

+ 31 

170 

106 

-109 

270 

71 

+ 64 

380 

78 

- 86 

180 

<52 

+ 1 

280 

71 

+ 89 

390 

114 

+110 

190 

164 

-188 

290 

<56 

- 11 

3,10,0 

85 

♦ 85 

1,10,0 

85 

+ ?! 

2,10,0 

99 

+110 

3,11,0 

. 

* 63 

+ 19 

1,11,0 

<61 

- 8 

2,11,0 

<58 

+ 18 

3,12*0 

— 

78 

+ 72 


*w«*  HI  mill  MlftSKMP11?  >7f ' 

\ V 5 ;U 


A. 


Table  5 (Page  2) 


$ 


Table  5 (Page  3) 


i 


4 , 


f 


hkO 

Fobsj 

calc 

hicO 

rcclc 

hlcO 

F 1 

r 

1 ce.lc  1 

780 

<65 

- 56 

8,14,0 

85 

+ 68  j 

10.5,0 

<68 

i 

+ 41 

790 

<66 

- 58 

8,15,0 

128 

+105 

10.6,0 

92 

+104  > 

i 

7,10,0 

<67 

- 41 

8,16,0 

'58 

+ 48 

10.7,0 

< 68 

- 12 

7,11,0 

<58 

- 27 

910 

<65 

- 49 

10,8,0 

<69 

+ 25 

7,12,0 

<70 

+ 59 

920 

'66 

- 6 

10-9,0 

<69 

+ 6 

7 ,3.3,0 

<70 

+ 27 

930 

<66 

- 45 

10,10,0 

<69 

- 12 

7,14,0 

<70 

+ 9 

940 

<66 

- 39 

10,11,0 

<68 

- 19 

7,15,0 

85 

+ 73 

950 

<67 

- 35 

10,12,0 

<67 

+ 35 

7,16,0 

92 

- 91 

960 

114 

-140 

10,13,0 

<66 

- 25 

7,17,0 

99 

+ 82 

970 

<68 

+ 17 

10,14,0 

<62 

0 

800 

106 

- 84 

mm 

<68 

- 50 

10,15,0 

<52 

+ 50 

810 

106 

- 92 

990 

<68 

- 50 

11,1,0 

<68 

+ 5 

820 

99 

+106 

9,10,0 

85 

+ 90 

11,2,0 

64 

+ 98 

830 

156 

-153 

9,n,o 

<66 

- 23 

3-3., 3,° 

64 

- 60 

840 

64 

+ 59 

9,12,0 

123 

+151 

11,4,0 

<68 

+ 23 

850 

<64 

- 21 

9, 3-3,0 

99 

- 69 

11,5,0 

<68 

+ 3 

850 

<65 

- 41 

9,14,0 

<66 

- 21 

11,6,0 

<68 

+ 16 

870 

<66 

+ 35 

9,3.5,° 

<62 

- 8 

11,7,0 

128 

+133 

830 

<67 

- 37 

9,16,0 

<51 

- 15 

11,8,0 

<65 

- <*x 

890 

'68 

+ 25 

.10,0,0 

149 

-131 

11,9,0 

64 

+ 59 

8,10,0 

<68 

— 42 

10;  1,0 

121 

-100 

11,10,0 

< 68 

+ 2 

3,11,0 

'69 

- 8 

10,2,0 

121 

-115 

11,11,0 

<66 

+ 25 

8,12,0 

<69 

- 25 

10,3,0 

64 

- 84 

11,12,0 

<63 

- 11 

8,13,0 

71 

+ 65 

10,4,0 
J 

92 

+ 81 

11,13,0 

<60 

- 43 

— w* 

.'v 


i 


Table  6 

Observed  and  Calculated  Structure  Factors  for  hOl-zone 


— 

hOl 

| Fobs| 

Foalo 

| Fobs j 

Fcalc 

002 

492 

-470 

800 

100 

- 

- 85 

004 

280 

+269 

801 

<63 

- 2 

200 

36 

+ 40 

802 

80 

+ 71 

201 

<40 

- 1 

803 

<70 

+ 1 

202 

<52 

- 33 

804 

52 

- 45 

203 

<63 

- 3 

10,0,0 

120 

-135 

204 

<70 

+ 20 

10,0,1 

48 

+ 51 

205 

<63 

+ 3 

10,0,2 

104 

+115 

400 

<46 

- 9 

10,0,3 

<69 

- 37 

401 

104 

-105 

10,0,4 

72 

- 77 

402 

<55 

+ 5 

12,0,0 

92 

- 85 

403 

68 

+ 79 

12,0,1 

144 

-167 

404 

<70 

- 1 

12,0,2 

72 

+ 73 

405 

4* 

- 40 

12,0,3 

116 

+129 

600 

108 

+121 

14,0,0 

<65 

- 6 

601 

244 

-236 

14,0,1 

<64 

+ 39 

602 

80 

- 94 

14,0,2 

<68 

+ 5 

603 

14  8 

+159 

16,0,0 

<40 

- 41 

604 

43 



+ 58 

I 

Table  7 

Interatomic  Distances  in  Berthierite 


3.56  (2)  3=63  (1) 

2.43  (1)  2.48  (2) 

2.49  (2)  2.45  (1) 

3.76  (2)  3*45  {2} 

3.76  (2) 


2.58  (2) 

J3.24  (2) 
[3*47  (1) 
2.46  (1) 
3.64  (2) 

3.76  (2) 


SIV 

'2.48 

(1) 

2.93 

(2) 

2.64 

(2) 

3.66 

(2) 

3.43 

(2) 

3.76 

(2) 

Note:  Numbers  in  parentheses  indicate  the  number  o* 
distinot  vectors  of  this  length. 


